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Prenatal investment in the subantarctic fur seal,
Arctocephalus tropicalis

Jean-Yves Georges and Christophe Guinet

Abstract: We investigated prenatal investment in a large sexually dimorphic mammal, the subantarctic fur seal,
Arctocephalus tropicalison Amsterdam Island in the Indian Ocean. Pups’ sex ratio and body mass, body length, and
body condition at birth were studied in relation to timing of birth and maternal characteristics (body length and body
condition) during three consecutive breeding seasons. Pups’ sex ratio did not differ from unity throughout the pupping
period. The sex of the pup was related to neither maternal body length (i.e., maternal age) nor maternal body condition
when mating occurred or at parturition (1 year later), which suggests that the sex ratio was not biased toward one sex
during gestation. Newborn male pups were heavier and longer than female pups in all years. Longer mothers tended to
arrive later in the season regardless of their body condition, and gave birth to heavier pups whatever the sex of the
pup. Mothers in good condition gave birth to heavier male pups than mothers in poor condition, but no significant dif
ferences were found for female pups, suggesting that the costs of carrying male foetuses is higher than that of carrying
female foetuses. Differences in allocation of maternal resources between male and female pups may be due to sex-
related differences in body composition, since male pups were heavier than female pups for a given body length at
birth. Thus, male and female foetuses may use maternal resources differently, with males growing in length whereas
females appear to grow in body mass. The mothers we monitored over 2 consecutive years gave birth to pups that
were similar in quality (in terms of birth mass) over years regardless of the sex of the previous pup and the mother’s
body length, suggesting that individual reproductive value is independent of maternal age. Furthermore, maternal body
condition was not affected by the sex of the foetus, suggesting that there is no differential reproductive cost in carrying
a male or a female foetus. Interannual differences in pup body size at birth suggest that environmental conditions such
as prey availability during the last stages of gestation, and consequent maternal body condition, are important compo-
nents of maternal investment in fur seals.

Résumé: Nous avons étudié l'investissement prénatal chez un grand mammifere a dimorphisme sexuel, I'Otarie a four-
rure des I'lles KerguelerArctocephalus tropicalisse reproduisant sur I'lle Amsterdam, dans I'océan Indien. Le rapport
males : femelles de méme que la masse, le longueur et la condition physique des nouveau-nés ont été étudiés en rela-
tion avec la date de naissance et avec les caractéristiques de la mére (taille et condition physique) durant trois saisons
consécutives de reproduction. Le rapport males : femelles a la naissance ne differe pas de l'unité durant la période de
mise bas. Le sexe des petits n'est relié ni a la longueur de la mére (c.a.d. 'age de la mere), ni a sa condition physique
au moment de I'accouplement ou de la mise bas, ce qui indique que le rapport males : femelles n'avantage pas un sexe
plus que l'autre pendant la gestation. Les nouveau-nés méales sont plus lourds et plus longs que les nouveau-nés femel
les chaque année. Les meéres de grande taille ont tendance a arriver plus tard au cours de la saison, quelle que soit leur
condition physique, et elles donnent naissance a des jeunes, males ou femelles, plus lourds. Les méres en bonne condi
tion physique donnent naissance a des males plus lourds que les meres en mauvaise condition, mais cela n’est pas vrai
pour les nouveau-nés femelles, ce qui semble indiquer que la gestation de rejetons males est plus colteuse que celle de
rejetons femelles. L'allocation des ressources maternelles differe chez les nouveau-nés males et femelles, peut-étre a
cause de différences dans la composition corporelle, puisque les nouveau-nés méales sont plus lourds que les nouveau-
nés femelles de méme longueur. Les fétus males et femelles semblent utiliser les ressources maternelles différemment
puisque les males croissent en longueur et les femelles en taille. Les méres suivies pendant 2 années consécutives ont
donné naissance a des jeunes de qualité similaire (masse a la naissance) indépendamment du sexe du rejeton précéden
et de la longueur de la mére, ce qui indique que la valeur reproductrice individuelle ne dépend pas de I'age de la

mére. De plus, la condition physique de la mére n'est pas affectée par le sexe du fétus, ce qui permet de croire que les

Received June 28, 2000. Accepted January 15, 2001. Published on the NRC Research Press Web site on April 2, 2001.

J.-Y. Georgest? Centre d’Etudes Biologiques de Chizé, Centre National de la Recherche Scientifique, Unité Propre de

Recherche 1934, 79360 Villiers en bois, France, and Laboratoire de Biologie et Environnement Marins, Université de Rochelle,
avenue Marillac, 17042 La Rochelle, France.

C. Guinet. Centre d’Etudes Biologiques de Chizé, Centre National de la Recherche Scientifique, Unité Propre de Recherche 1934,
79360 Villiers en bois, France.

ICorresponding author (e-mail: jygeorges@free.fr).

Present address: Centre d’Océanologie de Marseille, Campus de Luminy, Université de la Méditerranée, Case 901, 13288 Marseille
CEDEX 9, France.

Can. J. Zool.79: 601-609 (2001) DOI: 10.1139/cjz-79-4-601 © 2001 NRC Canada



602 Can. J. Zool. Vol. 79, 2001

co(ts liés a la reproduction sont les mémes qu'il s'agisse de fétus males ou de fétus femelles. Des différences inter
annuelles de la taille a la naissance semblent indiquer que les conditions environnementales, telle que la disponibilité des
proies, au cours des derniers mois de la gestation et la condition physique de la mere qui en découle sont des éléments
importants de l'investissement maternel chez les otaries a fourrure.

Introduction sumed that the energetic cost of gestation was likely to be
) ) o ~higher for male offspring than for females because males are
In most mammals with sexual dimorphism in body size,heavier than females at birth (Trillmich 1986; Boyd and
male breeding success depends on adult body size and cogicCann 1989; Lunn and Boyd 19830n0 and Boness 1996).
sequent fighting ability (Trivers and Willard 1973; Clutton- However, body composition should also be taken into account
Brock et al. 1982; Carranza 1996). In polygynous speciespecause, despite differences in body mass, the total amounts of
variance in reproduct|ve_ success is usually greater amongnergy may be similar (Stamps 1990). For example, female
males than females (Trivers 1972; Alexander et al. 1979antarctic fur seal Arctocephalus gazel)goups are lighter but
Clutton-Brock 1988). In such mating systems, the repreductatter than male pups, resulting in a lack of difference in total
tive success of sons should be more strongly influenced byody gross energy between the sexes (Arnould et al.2)986
adult body size, which is in turn dependent on early growththeir review, Lunn and Arnould (1997) proposed that maternal
during the rearing period, than the reproductive success gfvestment does not differ between the sexes in Antarctic fur
daughters. Thus, mothers in good condition are expected t&eals. In this species, maternal age, size, and experience appear
allocate more resources to sons than to daughters (Trivekg influence the timing of parturition, with smaller and younger
and Willard 1973; Charnov 1982). Two mechanisms hav&emales giving birth to lighter pups later in the pupping season
been suggested for differential allocation of resources tgBoyd and McCann 1989; Duck 1990; Lunn and Boyd 193
sons and daughters at the population level: (1) Fisher (193Qh Antarctic fur seals, Costa et al. (1988) found a better eorre
hypothesised that, on average, parents divide their reprodugation between maternal mass and pup mass at birth for female
tive effort equally between the sexes so that the extra cosisups than for male pups. However, Boyd and McCann (1989)
of rearing one sex will lead to the sex ratio being biasedfound no correlation between maternal mass and female pup
against the more expensive sex, and (2) when the sex ratio jfiass at birth, although mothers in good condition gave birth to
mostly fixed at unity, parental reproductive effort will vary heavier male pups than mothers in poor condition. Differences
between the sexes of the offspring (Maynard Smith 1980)in environmental conditions and maternal state between the
At the individual level, this adaptative sex bias in maternaltwo studies are thought to be responsible for these different
investment will occur if the difference in offspring quality at relationships (Trillmich 1996).
th.e end of maternal investment peI’SiStS to aqulthood, when it In this paper we investigate the re|ationships between ma-
will have a greater effect on male reproductive success thagsrnal and pup characteristics at birth in the subantarctic fur
on female reproductive success (Trivers and Willard 1973)seal, Arctocephalus tropicalison Amsterdam Island in the
~Many pinnipeds show marked sexual dimorphism in body|ndian Ocean. We monitored the sex ratio, body mass, body
size, adult males being larger than adult females (Kingength, and body condition of pups at birth in relation to ma-
1983). Males make no contribution to the rearing of the off ternal body length and condition and timing of birth during
spring. The mating system is highly polygynous and obserthree consecutive breeding seasons. In this sexually dimor
vations suggest that reproductive success varies more Wldebhic and polygynous species, mothers are expected to allo
among males than among females (McCann 1980; Andersogate more resources to male than to female pups, either by
and Fedak 1985; Le Boeuf and Reiter 1988), so Franlkjasing the sex ratio at birth or by transferring more re
(1990) suggested that pinnipeds may offer a good opportusoyrces to male than to female pups. If so, mothers that pro
nity to test parental-investment theory. However, Trillmich quced a son would be expected to produce a daughter the
(1996) pointed out that available data are not sufficient tofo|lowing year. Older (and thus more experienced) mothers
draw a general model of parental investment in this groupand those in good condition would be expected to be more

Furthermore, most of the studies on pinnipeds investigategple to care for their offspring than younger mothers and
maternal input (or care, e.g., resource transfer) rather thaghose in poor condition.

maternal investment, as the reproductive cost to the mother

(reduced future reproduction) was not assessed. Body size at

birth has been shown to be determinant for pup growtHViethods

(Georges and Guinet 2080200M) and survival during the

pup’s dependence (Calambokidis and Gentry 1985; Boltnebtudy site and animals

et al. 1998), but to date there are no data on the effect of This study was carried out during the austral summers of 1994—
body size at birth on adult reproductive success in fur sealsl995, 1995-1996, and 1996-1997 (hereinafter referred to as 1995,
Thus, investigations of prenatal investment may increase ou¥996, and 1997) at La Mare aux Elephants breeding colony on

knowledge concerning the way in which the mother’s ehar Amsterdam Island (37°35, 77°30E) (Guinet et al. 1994). From
9 9 Y |late November to early January, a total of 981 births (232, 438, and

aCtenStltCS ac't Oln Fﬁﬁ slze at birth, ar:d ptOSSIbg/ cJ)[ndth'e Cct)k?Sll births in 1995, 1996, and 1997, respectively) were identified
sequent survival of their pups, as a step toward studying 8uring daytime during continuous watch patrols within the study

longer term consequences of maternal care. _beach. In some cases, births were identified but pups were not
Equal sex ratios of pups at birth have been reported ifmeasured because of the aggressive behaviour of harem bulls. Al
otariids (Trillmich 1986; Ono et al. 1987; Trites 1991; Gelds though the same colony was studied in all 3 years, the areas moni

worthy and Saughnessy 1994). In several studies it was asored varied, so a comparison of numbers of births among years
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Table 1. Maternal body condition and birth date and sex ratio, body mass, body length, and body condition at birth for male and fe
male subantarctic fur seal(ctocephalus tropicallspups on Amsterdam Island during the 1995, 1996, and 1997 reproductive seasons.

1995 1996 1997
Maternal conditiof No data 113/148 73/133
Pup sex ratib 114/118 222/216 138/173
Birth date
Male pups 13 Dec. + 7.4 days (114) 14 Dec. * 8.3 days (222) 13 Dec. * 8.0 days (138)
Female pups 14 Dec. = 7.6 days (118) 14 Dec. * 8.9 days (216) 14 Dec. £ 8.0 days (173)
Body mass (kg)
Male pups 4.9 + 0.5 (114) 5.1 + 0.6 (220) 4.9 + 0.6 (131)
Female pups 4.3 £ 0.6 (118) 4.5+ 0.5 (214) 4.4 £ 0.5 (165)
Body length (cm)
Male pups 61.7 + 4.0 (114) 64.1 + 3.6 (53) 64.5 + 2.6 (24)
Female pups 59.2 + 4.0 (118) 60.4 + 2.9 (64) 61.9 + 2.5 (29)
Body condition
Male pups —0.017 £ 0.465 (114) —0.012 + 0.479 (53) —-0.116 + 0.4 (24)
Female pups 0.026 + 0.488 (118) 0.087 + 0.412 (64) —0.155 £ 0.391 (29)
Birth date Birth mass Birth length Birth condition
Factor df F P df F P df F P df F P
Sex 1 0.03 0.86 1 234.1 <0.001 1 14.4 <0.001 1 0.52 0.47
Year 2 1.10 0.33 2 15.8 <0.001 1 50.3 <0.001 1 1.58 0.21
Year x sex 2 0.81 0.45 2 0.6 0.55 1 3.8 0.05 1 0.22 0.64

Note: Values are given as the mean + SD, with sample sizes in parentheses. Comparisons between groups (two-way ANOVA) are given considering
the 3 years for birth date and body mass at birth, and 1995 and 1996 for body length and body condition at birth.

#Good/poor class.

®Males/females.

was not possible. At birth, newborns were caught by hand and inthe same year as the considered pup. For 34 mothers that were
dividually marked (numbered Velcro glued onto the head) afterknown to have reproduced successfully during 2 consecutive years,
mother—pup recognition occurred (Roux 1986). They were sexedve investigated the effects of pup characteristics on reproduction
and weighed (+£0.05 kg) using a spring scale and a rope. In 1995 the subsequent season.

and 1996, standard body length at birth (from nose to tail (+1 cm), Statistical analyses used standard tests (Sokal and Rolf 1981) and
hereinafter referred to as pup body length) was monitored throughwere performed using SAS statistical software (SAS Institute Inc.,
out the pupping period (232 and 117 pups, respectively) using €ary, NC 27513, U.S.A.). Values are given as means + SD. All tests
wooden plank scaled every 1 cm. In 1997, body length of 53 pupsvere two-tailed and differences were considered significarR &t

was measured at the beginning of the pupping season only. Pup05. The experiments complied with current French laws.

body condition at birth was calculated using the residual values of

the linear regression between pup body mass and pup body length

at birth (Trites 1992). Because pup body length varies throughouResults

the pupping period, annual comparisons of pup body length and

pup body condition at birth were performed without considering Timing of parturition

1997. Births occurred between 20 November and 8 January in
. all 3 years. Median parturition dates were 12 December in
Maternal body condition e , 1995 1 = 232) and 19961( = 438) and 14 December in
Mothers were not captured at parturition in order to avoid col 1997 0 = 311). There were no differences in mean parturi

ony disturbance during parturition and bias in the sampling. During. )
the monitoring of parturitions in 1996 and 1997, a score was asg“%r;/ ial\tleosvzmgng ye_alg 707r geiw(()a%goth?'astﬁéef) of pups (two
» Fis,9751 = Y04, F = UL ) .

signed to each mother based on a visually evaluated index of bod\fy
condition described in Georges and Guinet (200 his allowed

us to distinguish mothers in poor condition from those in goodMaternal characteristics

condition at parturition (Georges and Guinet 26p0In 1996, In 1996 there was a weak but significant relationship be
mothers were captured using a collar, restrained on a wooden plariyeen date of parturition (DP, days since 1 November) and
as described by Gentry and Holt (1982), and measured (standaidaternal body length (MBL, cm) (linear regression, DP =
body lengh + 1 cm). Matingoccurs a few days after parturition, 7 3 4 9 262MBL'r = 0.226.n = 91 P = 0.032). Maternal
and we used maternal characteristics at parturition as an index Cﬁody length Was,not meaSI,Jred in ’1995 and 1997. The-num
maternal characteristics at mating. bers of mothers in good versus poor condition did not differ
between 1996 and 199%(test,x; = 2.648,P = 0.104; Ta

Pup quality over 2 consecutive years / . . .
Body mass of pups differed between the sexes and among yealjgle 1). The number of mothers in poor condition did not differ

For each pup and each year, we derived an index of pup quality b |Zgn|ﬁcantly from that of motzhers in good condition (1996.
calculating the deviatiom, from the mean birth mass according to X1 = 3.478,P = 0.627; 1997x{ = 1.183,P = 0-_88_1) and dld_
the equationm; = m — i, wherem is the birth mass of the consid ot vary throughout the parturition period (logistic regression,
ered pup ang is the mean birth mass of pups of the same sex bornl996:x# = 0.107,P = 0.744; 1997x# = 0.019,P = 0.89).

© 2001 NRC Canada
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Table 2. ANCOVA of body mass at birth in relation Fig. 1. Relationships between body mass and body length at
to sex, body length of the pup at birth, year, and birth in male (thick line) and female (thin line) subantarctic fur
their interactions as factors influencing subantarctic seal @Arctocephalus tropicalispups on Amsterdam Island during
fur seals on Amsterdam Island during the 1995 and the 1995 and 1996 pupping seasons.
1996 pupping seasons.
L ]

Factor df F P * males .

g4 © females M
Sex 1 151.1 <0.001 .
Body length 1 155.9 <0.001 H
Year 1 0.42 0.52
Body length x sex 1 0.48 0.49
Body length x year 1 2.34 0.13
Year x sex 1 1.46 0.23
Year x sex x length 1 0.10 0.75
Error 341

Body mass (kg)

Pup characteristics at birth

The sex ratio at birth did not differ from unity in any year
(1995:x? = 0.009,P = 0.926; 1996%% = 0.018,P = 0.892;
1997:xf = 1.756,P = 0.185; Table 1). A logistic regression 3 -
including year and birth date as factors indicates that the se
ratio at t;irth did not vary between years or across the pupping : : : : ,
periodx3 (= 3.021,P = 0.388).

Birth r%ass and birth length differed between the sexes ant 43 S0 o5 60 65 70 &
among years (two-way ANOVA, birth mass in 1995, 1996, Body length (cm)
and 1997:F5 956 = 53.37,P < 0.001; birth length in 1995

and 1996:F3 345 = 22.85,P < 0.001; Table 1), male pups maternal body condition the previous year, when mating oc-
being significantly heavier and longer than female pups akurred (logistic regressiong? = 0.015,P = 0.902, andx? =
birth every year. Pups of both sexes born in 1996 were 223 P = 0.637, respectively).
heavier and longer than those born in 1995, and male pups |n 1996, when maternal body length was measured, pup
born in 1996 were heavier than those born in 1997, whereasirth mass was related to the sex of the pup (ANCOVA,
female pups born in 1996 were of similar mass to those borr|::[l sa1 = 20.91,P < 0.001) and increased with maternal body
in 1997. There were no significant differences in the body|en’gd1 Erisa = 25.91,P < 0.001), and there were no differ-
condition of male and female pups between 1995 and 1996nces between the slopeBy(s, = 0.10,P = 0.75; Fig. 3).
(Fia3451 = 0.77,P = 0.511; Table 1). Interestingly, pup body pPup body mass and body condition at birth were related to
mass was related to pup sex and body length, but year anglaternal body condition for male pups but not for female
interactions had no significant effect (analysis of covariancgups (Tables 4 and 5).
(ANCOVA) in 1995 and 1996F7 341) = 44.54,P < 0.001;
Table 2), indicating that for a given body length, male PUPSReproduction over 2 consecutive years
were significantly heavier than female pups (Fig. 1), and that For the 34 mothers that were known to have reproduced
pups born in 1996 were heavier than those born in 1995 besyccessfully in 1996 and 1997, the sex of the pup was Rot re
cause they were longer. ] lated to maternal body length or to the sex of the pup born the
_ Body mass and length of pups at birth were also related t@revious year (logistic regressiogs = 1.382,P = 0.501).
birth date (three-way ANOVA, body mass in 1995, 1996, The quality (in terms of birth mass; see Methods) of the pup
and 1997:F;; g50= 32.16,P < 0.001; body length in 1995 horn in 1997 tended to be positively related to the quality of
and 1996:F; 341) = 30.48,P < 0.001; Table 3), increasing that born in 1996 but was not related to maternal body
with birth date (Fig. 2). Body condition of male and female |ength or the interaction (Table 6), indicating that, regardless
pups at birth was not related to birth date except for femalef their body length, mothers gave birth to pups of similar

pups in 1996 (= 0.30,n = 64, P = 0.016; Fig. 2). quality. Finally, maternal body condition in 1997 was not re
o o . lated to maternal body condition in 1996 or the sex of the
Pup characteristics at birth in relation to maternal foetus carried (logistic regressiop3 = 3.306,P = 0.192).

characteristics

There were no significant differences in maternal bodypy; :
length and maternal body condition between mothers givingP Iscussion
birth to male pups and those giving birth to female pups in In subantarctic fur seals breeding on Amsterdam Island,
any year for which data were available (maternal body lengtlithe sex ratio at birth did not differ from unity and did not
in 1996:t 41, 485 = 0.935,P = 0.352; maternal body condition vary throughout the pupping period or among years. Further
in 1996:x# = 0.116,P = 0.733; maternal body condition in more, the sex of the pup was not related to maternal charac
1997:x? = 0.659,P = 0.417). Furthermore, the sex of pups teristics (body length, body condition) at parturition or when
born in 1997 was not related to maternal body length omating occurred 1 year before. This is consistent with

© 2001 NRC Canada
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Table 3. ANCOVA of pup body mass, body length, and body condition at birth as dependent variables in relation to the sex of the
pup, birth date, year, and their interactions as factors influencing subantarctic fur seals on Amsterdam Island during the 1995, 1996,
and 1997 pupping seasons.

Body mass (1995, 1996, and Body length (1995 and Body condition (1995 and
1997) 1996) 1996)
Factor df F P df F P df F P
Sex 1 249.53 <0.001 1 67.33 <0.001 1 1.62 0.20
Birth date 1 62.26 <0.001 1 83.02 <0.001 1 0.00 0.95
Year 2 16.89 <0.001 1 58.01 <0.001 1 0.53 0.47
Birth date x sex 1 1.83 0.18 1 0.00 0.95 1 0.71 0.40
Birth date x year 2 2.29 0.11 1 2.89 0.09 1 11.76 <0.001
Year x sex 2 0.64 0.53 1 1.91 0.17 1 0.47 0.49
Year x sex x birth date 2 0.30 0.74 1 0.05 0.82 1 0.50 0.48
Error 950 341 341

Fig. 2. Relationships between body mass, body length, and body condition at birth and birth date in male (thick line) and female (thin
line) subantarctic fur seal pups on Amsterdam Island during the 1995, 1996, and 1997 pupping seasons. Birth dates were recorded as
days after 1 November.

2] = males

Body condition
o
1

-1 4
2

: s
70 = .. .

Body length (cm)
(a3} [a)]
o [ ]
[ [ |
2428850080
I H ..
S8
[oJNel ?II
o |
OC.,-..A. [ L]
Scece Cas
O i3
REY
=] .
"8 OQX

95 o .-’“2“‘: o s 0 o
2 o)
50 - o
O
45 °
T - .
2,
= - 9 L 0.9
@ S 5. ’g: .
g 54 Ghed 8500 o
~ 200 sdgte,
3 4 R 8 e ek
@ .08
3 - e
T T T T T T T T T T T T
1Dec. 100ec, 200ec. 30Dec, 10ec, 100Dec, 20Dec, 30Dec, 1Dec, 100ec, 200ec, 30Dec,
Birth date (1994) Birth date (1995) Birth date (1996)

Clutton-Brock’s (1991) conclusion that cases where the sewhereas Hewison and Gaillard (1999) pointed out that this is
ratio at birth differs from the foetal sex ratio are rare in not always the case. The theoretical model of Trivers and
mammals. Previous studies in ungulates have shown that th&illard (1973) predicts that in polygynous species, natural
offspring sex ratio is affected by maternal age or conditionselection will favour maternal ability to adjust the sex ratio

(Verme 1983; Skogland 1986; Clutton-Brock 1991), of offspring produced and (or) to bias investment toward the
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Fig. 3. Relationship between body mass of subantarctic fur seal Table 5. Body condition of the pup according to maternal body
pups at birth and maternal body length for male (thick line) and condition at parturition in subantarctic fur seal pups on Amster

female (thin line) pups on Amsterdam Island during the 1996
pupping season.

7

dam Island during the 1996 pupping season.

Good condition Poor condition U P

& males
O females ]

Pup body mass (kg)

110 120 130 140

Maternal body length (cm)

150

Male pups
Female pups

0.243 + 0.442 (17) -0.059 + 0.428 (20) 103 0.041
0.114 + 0.447 (17)  0.179 + 0.420 (28) 285 0.266

Note: Values are given as the mean + SD, with sample sizes in
parentheses.

Table 6. Effect of pup quality in the first year and
maternal body length (MBL) on pup quality in the
second year for subantarctic fur seal mothers that
reproduced successfully on Amsterdam Island during
the 1996 and 1997 pupping seasons.

Factor df F P

Pup quality, 1996 1 2.89
MBL 1 0.31
MBL x pup quality 2 1.7
Error 30

0.09
0.58
0.20

differences in quality between offspring at weaning persist
to adulthood, as is found in phocid seals (Fedak and Ander-
son 1982). Accordingly, fur seal mothers in good condition
are expected to produce a higher proportion of male than fe-
male pups compared with mothers in poor condition. How-
ever, our data on sex ratio and body condition at birth do not

Table 4. Pup body mass at birth according to the sex of the pup fit this model, as is also observed for other otariids such as

and maternal body condition in subantarctic fur seal pups on

Amsterdam Island during the 1996 and 1997 pupping seasons.

Maternal body condition

Poor Good
Pup body mass at birth
1996
Males 50+ 0.6 (71) 5.3+0.5(57)
Females 46+ 0.5 (77) 4.6 £0.5 (56)
1997
Males 48 £ 0.5 (55) 5.2+ 0.6 (34)
Females 45+04(78) 4.4+0.5 (39)
Factor df F P
Sex 1 117.87 <0.001
MBC 1 20.95 <0.001
Year 2 19.06 <0.001
MBC x sex 1 6.12 0.01
MBC x year 2 1.05 0.31
Year x sex 2 0.44 0.51
Year x sex x MBC 2 0.08 0.78
Error 458

Note: Values are given as the mean + SD, with sample sizes in
parentheses. The results of the ANCOVA of pup body mass at birth in
relation to sex, maternal body condition (MBC), year, and their
interactions as factors are also given.

the GalapagosArctocephalus galapagoensigrillmich 1986),
Antarctic (Boyd and McCann 1989; Lunn and Arnould 1997),
northern Callorhinus ursinusTrites 1991), and Capée\(cto-
cephalus pusillus pusillysviison-Jooste 1999) fur seals, and
California sea lion Zalophus californianusOno and Boness
1996). These results suggest that the polygyny and sexual
dimorphism observed in pinnipeds do not induce a sex-ratio
adjustment.

Male subantarctic fur seal pups were significantly heavier
than female pups at birth for all years, as is widely observed
in pinnipeds (southern elephant sealirbunga leonina,
Anderson and Fedak 1985; McCann et al. 1989; grey seals
(Halichoerus grypsys Kovacs and Lavigne 1986; harbour
seals Phoca vituling, Bowen et al. 1994; Galapagos fur
seals, Trillmich 1986; Antarctic fur seals, Doidge et al. 1986;
northern fur seals, Trites 1993; Cape fur seals, Mison-Jooste
1999). Male pups were also longer than female pups at birth,
which suggests that male foetuses grew faster than female
foetuses, as is suggested for northern fur seals (Trites 1991).
Pup body mass and body length at birth were positively re
lated to birth date in most cases, but pup body condition did
not vary throughout the pupping season, suggesting that in
most cases, pups born later in the season tended to be heavier
because they were longer and not because they were in better
condition. Interestingly, in 1996, the increase in body length
and consequently in body mass was associated with an in
crease in body condition in female pups but not in male pups.

more profitable sex, according to her ability to invest. In fur This suggests two different growth strategies, with male pups
seals, high-quality mothers (in terms of body size) rear highgrowing in length (i.e., skeletal growth), whereas females ap
quality offspring (Calambokidis and Gentry 1985; Boltnev pear to grow in body mass (tissue growth). In our study, the

et al. 1998; Georges and Guinet 2@p0and it is likely that

increase in birth body mass throughout the pupping season
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Table 7. Estimated total body gross energy (TBGE) at birth in subantarctic fur seal pups
on Amsterdam Island during the 1995, 1996, and 1997 pupping seasons.

Total body gross energy (MJ)

Year Male pups Female pups t P

1995 23.2 £ 7.6 (114) 20.8 £ 8.7 (118) 2.178 0.03
1996 26.0 + 8.6 (220) 24.6 + 8.0 (214) 1.82 0.064
1997 23.8 + 7.8 (130) 22.9 + 8.0 (165) 0.976 0.33
Factor df F P

Year 2 13.3 <0.001

Sex 1 8.2 0.004

Year x sex 2 0.5 ns

Note: Values are given as the mean + SD, with sample sizes in parentheses; ns, not significant.
Means are compared among groups for each variable according to two-way ANOVA. TBGE was
estimated assuming that the formulae obtained for Antarctic fur seals hold for subantarctic fur seals:
males: total body water (TBW) = 1.31 + 0.51 x body mass; females: TBW = 1.26 + 0.48 x body mass;
both sexes: TBGE = 31.7 — 0.347 x TBW; masses are given in kilograms and TBW as a percentage
(from Arnould et al. 1998, 1996).

was associated with an increase in maternal body length, whilextract maternal resources differently during gestation: our re
there were no trends in maternal body condition, suggestingults show that for a given body length, male subantarctic fur
that independently of their body condition, longer mothersseal pups were heavier than females at birth (Fig. 1), indicating
gave birth to heavier pups and tended to do so later in the sethat male pups were denser than female pups at birth. In view
son. In fur seals, body length increases throughout life (Tritesf the difference in density between lean and fat tissues, these
and Bigg 1996), and longer individuals are expected to beesults also suggest that for a given body mass at birth, daugh-
older, and thus more experienced (Lunn et al. 1994). Simiters should have more fat than sons. Such suggested sex-related
larly, older/longer Cape fur seals give birth later in the seasowifferences in body composition may explain the differences in
(Rand 1955), while pup body mass at birth increases throughhe way maternal resources are used by male and female foe-
out the pupping period (Mison-Jooste 1999). Inversely, intuses during gestation. Sex-related differences in body compo-
Antarctic fur seals pup body mass at birth decreases througlsition have also been reported in Antarctic fur seals, where
out the pupping period and this is associated with a decreaseale pups are heavier and leaner than female pups, resulting in
in maternal body length (Boyd and McCann 1989; Lunn andsimilar levels of total body gross energy between the sexes
Boyd 199%). These covariances are consistent with the posi{Arnould et al. 1996). Interestingly, these authors established
tive relationship found between maternal body length and pughe relationship between total body water and body mass for
body mass at birth in both species (Boyd and McCann 198%ach sex in Antarctic fur seal pups (Arnould et al. 1896
this study) and also in harbour seals (Bowen et al. 1994}. Difwhile Arnould et al. (1996) proposed a relationship between
ferences in the timing of parturition related to maternal ageotal body water and total body gross energy (TBGE). Using
seem to result from differences in life-history traits betweenthe mean values derived from these formulae (see Table 7),
Cape/subantarctic fur seals (10 months of lactation) and Antand assuming that these relationships hold for subantarctic fur
arctic fur seals (4 months of lactation; see also Georges argkals, one may estimate TBGE in subantarctic fur seal pups ac
Guinet 2000). cording to their body mass at birth (Table 7). These estimates
Mothers in good condition at parturition gave birth to heaviersuggest that TBGE at birth would tend to be higher in males
sons (which were also in better condition) than mothers in poothan in females for 2 of the 3 years. Since measurements of
condition, whereas no similar relationship was found forbody composition are needed to assess the actual amount of
daughters. In other words, mothers appear to produce sons tteftergy in male and female foetuses in subantarctic fur seals,
are as large as possible, whereas they produce daughters ttgse estimates suggest that the costs of carrying a male foetus
are equal in quality based on their physiological state. Costa @te higher than those of carrying a female foetus. Consistently,
al. (1988) found that during years of low food availability, Ant the sex-related relationships we found between maternal body
arctic fur seals give birth to sons of similar sizes whatever theieondition and pup body mass/condition at birth indicate that
body condition, while mothers in poor condition give birth to mothers carrying a male foetus appear to enhance foetal
lighter daughters than mothers in good condition. Boyd andgrowth only when their body condition allows them to do so.
McCann (1989) found a relationship similar to ours betweerMoreover, recent results obtained from Cape fur seals show
maternal condition and birth mass in Antarctic fur seal pupghat during years of low food availability, i.e., when maternal
according to sex during years of normal food availability, butbody condition is low, the abortion rate is higher in mothers
Lunn and Boyd (1999 also found the same relationship as carrying male foetuses than in those carrying female foetuses
ours during years of low food availability. It is interesting to (Mison-Jooste 1999), which supports our hypothesis that for
point out that what we found for sons is consistent with statefur seals, the costs of carrying a male foetus are higher than
dependent life-history theory, which predicts that the quality ofthose of carrying a female foetus.
offspring will depend on the state of the mother (McNamara Pups were heavier at birth in 1996 than in 1995 and 1997.
and Houston 1996). The fact that we did not find the same pafThey were also longer in 1996 than in 1995, while body-con
tern for daughters suggests that male and female foetuses mdigion at birth did not differ significantly among years, indi
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